The absence of a pulmonary valve (PV) after tetralogy of Fallot (TOF) repair has been shown to impact postoperative right ventricular (RV) function. The purposes of this study were to (i) compare early outcomes after PV-sparing vs transannular patching (TAP) with monocusp valve reconstruction or TAP alone and (b) assess the mid-term results after polytetrafluoroethylene (PTFE) membrane monocusp reconstruction. 
INTRODUCTION
The incidence of congenital heart disease (CHD) in newborns is reported as 4-50 per 1000 live births [1] . Over the past decade, the advent of single-stage early complete repair, prenatal diagnosis, improved prenatal care and the advancement of invasive paediatric cardiology have resulted in a significant decrease in the number of children requiring surgical intervention for CHD in the developed world, as well as a decrease in the number of procedures required per child [2, 3] . In other parts of the world such as Africa, the Middle East and parts of Asia, while the incidence of CHD is the same, the infrastructure is inadequate to treat these children.
At the Wolfson Medical Center in Israel, the paediatric cardiac division, in cooperation with the Save a Child's Heart foundation (SACH), is dedicated to developing a prototype centre that will address these problems [4] . The primary goal of this project is to improve care for children with CHD and increase the number of children receiving adequate care within their region. Allocating children for reintervention is almost impossible due to the capabilities of their local primary health care and the financial costs involved. Therefore, effort is taken to perform one-stage correction at the time of the first operation.
Tetralogy of Fallot (TOF) accounts for 4% of all congenital heart defects. It comprises a wide clinical and anatomical spectrum and the surgical management varies accordingly. Patients with an adequate pulmonary valve (PV) annular size are candidates for a valve-sparing type repair. However, controversy still remains for patients with significant right ventricular outflow tract (RVOT) obstruction and a small PV annulus. The commonly used transannular patch (TAP) approach relieves the RVOT obstruction at the expense of exposing the patient to acute and chronic volume overload, resulting in late right ventricular (RV) dysfunction and reoperation for PV implantation [5] . In order to eliminate volume overload, at least in the short term, some groups have advocated monocusp valve insertion [6] [7] [8] . These reports are based on small numbers of patients with mixed morphology (for example, TOF with pulmonary stenosis (PS), pulmonary atresia, absent PV, atrioventricular canal, RVOT revision for conduit stenosis, or insufficiency), time of total correction, whether the patient had undergone previous surgery, operative techniques and monocusp materials. More data are required with regard to intermediate and late outcomes with this approach.
We report on the first 6 years of our experience with total repair of TOF with PS using a TAP with a single type of monocusp insertion. The purpose of this study was to: (i) assess the immediate (short-term) outcome of this subgroup when compared with other strategies of RVOT reconstruction (PV sparing and TAP alone) and (ii) assess the mid-term follow-up of monocusp repair for TOF.
PATIENTS AND METHODS
From January 2003 through May 2009, 163 patients underwent total repair of TOF with PS solely in one tertiary centre. Their charts were analysed retrospectively. Sixty-six patients were referred to our centre from the Palestinian Authority, 31 from Iraq, 25 from Zanzibar, 14 from Ethiopia, 9 from Nigeria, 5 from Israel, 3 from China, 3 from Congo, 2 from Kenya and 1 each from Russia, Moldova, Senegal, Angola and Sri Lanka. The patients were referred by local doctors from their country of origin and most were screened during international missions of our medical team, as well as during dedicated outpatient clinics that are held at the Wolfson Medical Center on a weekly basis and in cooperation with the referring doctors from the region.
All the children were operated on by the medical team of the Wolfson Medical Center and the SACH organization in Israel. In the first 2 years of our experience, the children underwent complete repair with TAP alone (Group C). From May 2004, in an attempt to decrease the expected significant pulmonary insufficiency (PI), the patients were preferably corrected with either PV preservation (Group A) or with TAP and monocusp (Group B). The most significant inclusion criteria for PV preservation vs complete repair with a TAP and monocusp was the PV annulus Z-value (www.parameterz.com) and is further described in the surgical technique section.
Surgical technique
All surgical repairs were performed by a single surgeon (L.S.). In all patients, the repair was performed from a transatrial approach. Relief of the RVOT was accomplished by the division of obstructing muscle bundles and limited resection as necessary, usually for a thickened ventricular infundibular fold until good exposure of the PV was achieved. The ventricular septal defect was closed with a 0.4-mm polytetrafluoroethylene (PTFE) Gortex patch. Three different surgical approaches were used to address the RVOT reconstruction: in Group A, no TAP was used and in Groups B and C, a transannular incision was used. The length of the incision for both groups was as short as possible and usually extended up to the end of the infundibular septum. There was no need for a longer incision in Group B to accommodate monocusp implantation.
Group A. In patients with a PV annulus Z-value larger than −2 [9] , the PV leaflet anatomy was inspected and PV preservation was employed. In patients with the impression of three mobile leaflets, a supraannular patch alone was implanted to achieve main PA Z-value 0 and above. In patients with valvar PS, additional commissurotomy was performed to accommodate an appropriate calibrated dilator to achieve a PV Z-value larger than −1. In patients with a long hypoplastic infundibulum where there was concern for post-repair residual sub-pulmonary obstruction, a GORE-TEX Soft Tissue Patch (W.L. Gore & Associates, Inc., Flagstaff, AZ, USA) was placed below the annulus in the infundibulum.
Group B. For patients with a PV annulus Z-value of ≤−2 or a completely dysplastic and non-functioning PV, a monocusp and TAP reconstruction were used. The transannular incision was extended from the main pulmonary artery bifurcation through the annulus and onto the RV free wall for as short a distance as possible, usually 1-2 cm, until the entire length of the infundibular septum was reached. Adding a monocusp did not require a longer incision.
The monocusp was reconstructed from the PTFE (0.1 mm) membrane as previously described [10, 11] . The technique was modified by creating a deeper spoon-like-shaped sinus that better controlled the retrograde flow to the RV (Fig. 1 ). This was done by:
(i) Using a wide opening of the main pulmonary artery (MPA) and RVOT incision using a stay suture (Fig. 1a) . (ii) Placing the membrane from the native cusp up to the ventriculotomy, allowing it to lay flush along the opening (Fig. 1b) . (iii) Encoring the PTFE membrane to the MPA at the level of the native valve (Fig. 1b Points A and B). (iv) Pushing the membrane by forceps into the RVOT opening giving it depth and three-dimensional form (spoon-like shape) (Fig. 1b ) and trimming it at the level of the ventriculotomy. (v) Suturing the membrane from Point C towards Points A and B, respectively, maintaining the shape and the depth ( Fig. 1c  and d ). (vi) Creating an MPA roof by using a 0.4 Gortex patch; this patch is sutured to the main pulmonary artery and to the ventriculotomy edge maintaining a large space between the PTFE membrane and the roof to facilitate closure by blood from above the membrane pushing it to the opening of the RVOT ( Fig. 1e and f ) .
The monocusp creates three levels of closure: the PTFE membrane against the proximal MPA at the level of the native valve, the PTFE membrane against the infundibulum if present and the PTFE membrane pushed into the RVOT. In all patients except 2, the MPA roof was reconstructed using 0.4 mm GORE-TEX Soft Tissue Patch. In the other 2 patients, bovine pericardium was used. If the native PV cusps seemed to have some function they were preserved, otherwise they were resected.
Group C. In patients early in our experience with a small PV annulus Z-value of ≤−2, a TAP alone was placed (as described above for Group B). From May 2004, most of the patients with this anatomical variant were treated with TAP and monocusp and are included in Group B.
All patients were operated upon with a standard cardiopulmonary bypass (CPB) protocol with modified ultrafiltration to achieve zero fluid balance.
Follow-up studies
Early follow-up. Post-CPB invasive haemodynamic parameters included direct measurements of RV and LV pressures, RV-to-LV pressure ratio, Main Pulmonary Artery (MPA) pressure and the pressure gradient across the RVOT. Transoesophageal echocardiography (TEE) was performed in the operating theatre immediately following repair to evaluate valve function and mobility, PI, PS, tricuspid regurgitation and ventricular function. Postoperative parameters included first day fluid balance, mechanical ventilation time and total intensive care unit (ICU) stay. Early deaths were defined as occurring within 30 days after surgical repair.
The policy of discharge from the hospital is according to the international criteria. However, since many of the children need air transportation and have no access to paediatric cardiology care in their own region, they stay for at least 1 month in a special residence near the hospital. They are followed frequently (once or twice per week) by our paediatric cardiology team. Consequently, clinical, electrocardiographic and transthoracic echocardiographic (TTE) assessments were performed prior to their departure back home. The patients are followed further by the local doctors.
Mid-term follow-up. This was offered to the patients in Group B who were originally referred from the nearby region (Palestinians and Israelis) and those attending the follow-up clinics during international missions to the referral countries. The follow-up included medical history, physical examination, echocardiography and TTE [12] . A major effort was made in order to contact other Group B patients by telephone, using a questionnaire regarding mortality and general well-being status.
Evaluations of the PV, RVOT morphology and the presence and severity of PR were performed with echocardiography [13] , with attention to the retrograde colour flow from the distal main pulmonary artery, or its branches. The repair outcome was evaluated using the following echocardiographic measurements: 
Data analysis
Analysis of data was carried out using SPSS 11.0 statistical analysis software (SPSS Inc., Chicago, IL, USA). For continuous variables, such as age and duration of illness, descriptive statistics were calculated and reported as mean ± standard deviation. Normality of distribution of continuous variables was assessed using the Kolmogorov-Smirnov test (cut-off at P = 0.01). Categorical variables such as sex and type of defect are described using frequency distributions and are presented as frequency (%). Continuous variables were compared by group using one-way analysis of variance, and significant overall findings were compared post hoc by Bonferroni's test. Non-normally distributed continuous data were compared across groups using the Kruskal-Wallis test and significant findings were compared post hoc, using the Mann-Whitney U-test. The paired t-test was used to examine differences in disease severity measures before and after surgical correction. The χ 2 test (exactly as needed) was used to assess the associations between defect type and other comorbidities, sex and other categorical variables. A univariate general linear model was developed for each of the primary endpoints: days of drainage; days on ventilator and days in the Paediatric Intensive Care Unit. For each model, defect type was included as a fixed factor and covariates were controlled for. All tests are two-sided and considered significant at P < 0.05.
RESULTS
One hundred and sixty-three children with a median age of 2.5 years (range 0-18) were referred to our centre for surgical correction of TOF. Based on the PV annulus Z-score, 69 (42.33%) patients underwent complete TOF repair with PV preservation (Group A), 74 (45.4%) underwent complete repair with a monocusp TAP (Group B) and 20 (12.27%) underwent complete repair with TAP alone (Group C). Demographic and peri-operative data of the patients in the three groups are presented in Table 1 . The patients who underwent PV preservation (Group A) were the oldest (P ≤ 0.05) and with higher body weight (P ≤ 0.05) when compared with those who needed TAP (Groups B and C). The median age of the patients receiving TAP with monocusp tended to be younger though not significant, when compared with those receiving TAP alone. Figure 2 shows the age distribution of Group B patients during the repair. Based on the surgical approach used, an expected significant statistical difference was noted in the mean PV Z-values between Groups B and C when compared with Group A (−4, −3.1 and 0, respectively, P = 0.000).
Of those patients who underwent valve preservation (Group A), 75.4% had normal PV anatomical structure and 24.6% had a bicuspid dysplastic valve. The operative data are presented in Table 2 . More patients in Group B underwent branch PA augmentation (28.38%). After weaning from CPB, 7% of the patients in Group B needed immediate further RVOT obstruction relief as opposed to 11% in the other two groups; this tendency was not statistically significant. Total CPB and X-Clamp times were not significantly different between the groups, although there is a tendency for 30 min longer CPB time in the monocusp group. However, CPB and X-Clamp time in the monocusp group decreased through the years, cutting 60 and 45 min, respectively, from 2003 to 2009. Post-CPB haemodynamic parameters revealed median RV/LV pressure between 0.47 and 0.5 for all groups, with mild, yet statistically significant, increased pressure gradient across the RVOT in the patients with TAP alone (Group C).
The immediate postoperative data are presented in Table 3 . The postoperative mechanical ventilation period was significantly shorter in the PV preservation group and the monocusp group as opposed to the TAP group alone (1, 1 and 1.5 days, respectively). Chest tube drainage time was significantly longer in the latter (1, 1 and 1.5 days, respectively). Fluid balance showed no significant difference between Groups A, B and C (29.2, 48.8, 68.4 cc/kg/day 1, respectively), although there was a tendency for a greater positive fluid balance at the end of the first postoperative day in the TAP group.
Median ICU stay was 8 days in the TAP group as opposed to 4 and 4.5 days for the PV preservation and monocusp groups, respectively.
Only two patients in Group B with bovine pericardium RVOT reconstruction presented with early MPA stenosis and calcifications (3.75 and 1 year after complete repair, respectively). The first patient presented with pockets of caseotic material (that was negative for culture and direct smear), with limited motion of the monocusp due to a thrombus located between it and the pericardial patch. The second patient underwent left pulmonary artery (LPA) reimplantation and Blalock-Taussig shunt at 1 month of age and complete repair with LPA augmentation at 1 year of age. A year later, he presented with malfunction of the monocusp due to RVOT aneurysm of the Bovine pericardium and severe LPA stenosis requiring reoperation and intraoperative stenting of the proximal LPA that was not amenable for further surgical augmentation. The patient died early after the operation.
Early death during the ICU stay occurred in 5 patients of the 163 (3%): 3 in Group A (4.3%) and 2 in Group B (2.7%).
Four patients (2.4%) were supported on extracorporeal membrane oxygenation (ECMO) postoperatively. Three of these patients were from Group A. The first patient, 4 months old, was urgently operated on during a severe RSV infection and cyanotic spell unresponsive to intubation and aggressive medical treatment. Postoperative haemodynamic performance was good. However, he was connected to veno-venous ECMO on postoperative day 3 due to progressive respiratory failure and did not survive (death on Day 13 postoperatively). The second patient from Group A, a 5-month-old baby with very small PAs, underwent complete repair with RPA and LPA augmentation with Bovine pericardium. She had good immediate postoperative haemodynamic results (e.g. RV/LV pressure ratio of <0.5 and pressure gradient between the RVOT and PA of <10 mmHg). A few hours postoperatively, she deteriorated haemodynamically with no clear explanation. She was put on ECMO in the paediatric ICU, developed brain haemorrhage and expired on postoperative day 6. The third patient, a 5-month-old baby with small PAs and borderline LV on echocardiography, developed LV dysfunction in the early postoperative period. She was connected to the ECMO for 6 days and then weaned successfully. On Day 21 postoperatively, she developed right upper lobe atalectasis. During bronchoscopy, she suffered from uncontrolled massive pulmonary haemorrhage and died. The patient from the monocusp group who underwent an additional intraoperative LPA stent implantation developed uncontrolled pulmonary bleeding requiring left pneumonectomy and ECMO support. He expired on postoperative day 10. The fifth patient died on postoperative day 57 due to multiorgan failure.
The TTE follow-up was performed prior to the patients' departure back home and compared with the TEE assessments at the end of the heart surgery ( Table 4) . Restrictive RV physiology was not observed. In most of the patients in the three groups, there was none to mild TV regurgitation with no statistically significant change at discharge. Moderate or severe PS was absent, using both postoperative TEE and TTE (at discharge). Moderate-to-severe PI was more prevalent in Group C with 38.9% at the immediate postoperative TEE and rising to 50% at discharge. In contrast, 2.8% of the patients in Group A showed only moderate PI at discharge. Those patients who underwent complete repair with monocusp implantation (Group B) did not show any statistically significant deterioration in the severity of PI, with only 6% (n = 4) of the patients having moderate PI, and 3% (n = 2) severe PI at discharge.
Complete mid-term clinical and echocardiography assessments were collected for 30 (41.66%) of the 72 TAP with monocusp patients (Group B) at a mean of 27.48 ± 14.15 months postimplant (range: 7 months to 5 years) consisting of 815 patient months. Follow-up was obtained in patients from Israel, the Palestinian Authority and Zanzibar. All of these patients were in NYHA Grade 1 and none of them was treated by medication. QRS duration was shorter than 121 ms in 83.3% of the patients. None of the patients presented with rhythm disturbances during the follow-up period. TTE assessments of the RV, TV and PV functions are described in Table 5 . Mean RV-to-LV size ratio was 
DISCUSSION
TOF is one of the classic congenital heart defects that can cause cyanosis and death in the first year of life. In centres with adequate expertise, complete repair is currently performed from a transatrial approach in the first 6 months of life with good early and mid-term results [14] . Children with this lesion in lessdeveloped countries should also undergo complete repair with a high success rate, a single hospitalization, low morbidity and low cost [15] . However, achieving this demands excellent cooperation between the participating international and national health and social partners, financial resources and dedicated personnel [4] .
Between 2003 and 2009, 163 children with TOF and PS have been referred to our centre for surgical correction. In contrast to the situation in developed countries, where most of the patients during the current decade (2001 onwards) are completely repaired in infancy and sometimes at even less than 3 months of age [7] , the children described in the present study arrived for surgery at an older age (median 2.5 years) and only a few had undergone a palliative procedure before total correction. The decision-making regarding valve preservation was, however, based on the same criteria as used in developed countries [7] , i.e. the preoperative Z-score of the pulmonary annulus, the intraoperative findings of the PV and the pressure profile after discontinuation of bypass.
The harmful long-term effect of PI resulting from TAP repair of the RVOT is well described [16] . Pulmonary regurgitation and residual stenosis remain the major determinants of long-term cardiac performance during the first two to three decades after repair, in which PI is usually well tolerated. Objective exercise tolerance testing, however, often shows sub-clinical deterioration in RV performance [10] , which may lead to irreversible damage. By 20 years after initial repair, 10-15% of patients will need reoperation on the RVOT, most of them due to limited exercise capacity, ventricular dysrhythmia, or more severe symptoms of heart failure [12, 17] , and even sudden cardiac death. PV competency in the peri-operative phase is of particular importance for patients with labile pulmonary vascular resistance, extensive collateral flow or peripheral PS.
PV replacement (PVR) is usually required in 15% of patients after TOF repair [18] . The optimal timing for elective PVR, which should be performed before irreversible RV dysfunction ensues, is very difficult to assess. This issue is even more crucial in countries where follow-up programmes are completely missing. Therefore, we believe that more effort should be put into preventing severe pulmonary regurgitation following TOF repair.
Initially, in our institution, a TAP alone was performed and is represented in only 12% of our patients. The short-term results are similar to other reports in the literature regarding ventilation, ICU stay and drainage time [7] . Although only a limited number of patients were included in Group C, a discharge echo Doppler study indicated moderate-to-severe PI in 50% of the patients. It is possible that, despite the absence of any PV function, limiting the length of the transannular incision may avoid the clinical manifestations of severe PI at the expense of mild stenosis for at least some of the patients. Homografts, valved conduits and xenograft valves all have finite lifespans and these patients will thus require multiple procedures during their lifetime [19] . Currently, follow-up is limited and such reinterventions are barely taking place in underdeveloped countries.
Since 2004, our common practice was to apply PV (and annulus) preservation for patients with PV annulus Z-score greater than >−2 (Group A) as opposed to transannular incision and monocusp implantation for PV annulus ZV ≤ −2 (Group B). Our data revealed that Group B patients had more complex RVOT obstruction (Table 1) as assessed by a smaller PV Z-value (−4 vs −1) and by the need for branch PA augmentation in 28% of the patients undergoing complete repair compared with the other groups. This technique can lead to satisfactory RVOT obstruction relief, as shown by the low RVOT pressure gradient of 11.4 mmHg and the RV/LV pressure ratio of 0.5. This was achieved without the expense of severe PI despite the incision of the RV free wall up to the end of the infundibular septum length. It is important to note that monocusp implantation does not require a longer incision; the same length of incision would be used if only TAP was done. In all cases, a limited incision length is chosen, and it is dictated by the degree of the anterior infundibular septum deviation and its length.
The impact of the functioning monocusp valve on the early postoperative course can be seen by the shorter ICU stay, pleural drainage duration and ventilation time, when compared with the results with TAP alone. The use of monocusp in our patients revealed the same early results seen with PV preservation with respect to immediate PI and the need for early reintervention.
At discharge, 91% of the patients with the TAP and monocusp had mild PI or less, 6% had moderate PI and 3% developed severe PI. These results are very similar to those of patients with the valve preservation.
As much as the discharge results are encouraging, there is still insufficient data regarding the long-term outcome of the PTFE monocusp, with regard to mobility, function, calcification, new PI/PS, homodynamic and clinical consequences and freedom from reintervention, especially in younger patients. Biological substitutes [10] of PV are known to be disappointing, undergoing calcification causing PS or PI and requiring reintervention.
We used the PTFE monocusp as a substitute to reconstruct the RVOT as described before [20] . We modified the technique by creating a deeper spoon-like-shaped sinus (Fig. 1 ) that can better control the retrograde flow to the RV. The depth of the pericardial membrane pushed into the RVOT opening by itself causes an obstruction to the retrograde flow into the RV. If an infundibulum is present, it facilitates this function, but this is not necessary. The pericardial membrane is a PTFE material 0.1 mm in thickness. The interstices are small and tight to exclude fibroblast infiltration and growth [16, 21, 22] . It has been proposed that there is a high probability that the PTFE used as a monocusp will remain pliable, as it lacks allergenic properties and hopefully will have longer durability [16] .
The exclusion of fiboroblast growth causes less cellular migration, inflammatory reaction and calcification. This was demonstrated in a growing animal model to be without residual RVOT stenosis 1 year postoperatively [10] . Brown et al. [6] showed in immunohistochemical analysis, focal regions of endothelialization along the monocusp. Due to these proven and possible benefits of the PTFE pericardial membrane, we elected to construct the RVOT valve using this material.
Estimating the true monocusp protective value on the RV is not obvious and quantifying the exact PI degree is complicated [22] . To achieve this, we measured several variables including the QRS duration, degree of PI/PS and RV function. In adults, QRS duration is known to correlate with RV function and dimension and might also have prognostic implications for malignant arrhythmia and sudden cardiac death [23] . In our study, the QRS duration correlated significantly with our echocardiograph estimations of RV sizes [12] . The short QRS duration in the TAP and monocusp group indicate good RV function and dimension at mid-term follow-up. The RV/LV ratio showed no increase in RV dimensions overtime, as shown by normal RV dimensions in 3 axis. This low RV/LV dimension ratio was also achieved in patients with multilevel obstruction requiring PA branch augmentation (28% of the patients). In this group, it might be even more important to prevent PI and its adverse consequences.
PV and annulus preservation, if feasible, should be practiced to achieve the best balance between PI/PS for the short-and long-term periods. In our study, the early benefits were manifest in short ICU stay, ventilation and drainage times. However, this group of patients was not homogeneous and we found differences in the three levels of potential obstruction: sub-PS was dependent on the degree of the anterior infundibular deviation and its length. The higher these measurements were, the higher the likelihood for additional sub-pulmonary patch implantation. In this case, additional separated subpulmonary incisions would have to go longer into the free ventricle wall as opposed to an incision that would be carried out as a continuation of the original transannular incision: 10.1% (n = 7) of this group of patients needed an additional subannular patch post-CPB. In patients with an RV/LV ratio >0.7, a sub-annular patch was shown by d'Udekem et al. [12] to cause late RV dilatation and dysfunction regardless of initial PV function, and we believe it should be avoided. The second reality was the PV leaflets: they varied from three delicate mobile leaflets in 75% of this group to severely dysplastic in 25%. In cases with a bicuspid valve and fused commissure and a small effective orifice, if there is a chance to repair the valve by a commisurotomy and preserve its function, it should always be attempted. In other cases, we believe it may be beneficial to extract the non-functioning valve leaflets to make a short transannular incision if necessary and to reconstruct a PTFE monocusp as the mid-term results support. Our impression is that in cases with three levels of obstruction, it may be better to treat them all together with TAP and monocusp rather than each separately.
LIMITATIONS
The present report is not a randomized clinical trial. As such, the study results are undoubtedly affected by selection bias. For example, it cannot be ruled out that the referral procedures in each country or even the surgeon preference influenced the type of surgery used in each case. It is clear that as such, the results of the present study cannot be generalized outside of our population; nevertheless, this large case series serves a didactic purpose and while it cannot determine causality, it can and does identify associations which may be instructive and may serve as the basis for hypothesis-testing studies.
A large follow-up programme of all operated patients is desirable before one can conclude that one operation technique is superior to the other. These mandatory follow-up programmes in the referred countries are not easy to build up due to many reasons, e.g. financial, political, cultural and due to lack of medical human resources. Mid-term follow-up studies were limited to patients who were referred from a nearby region and those attending the follow-up clinics during international missions. Exercise tolerance testing and 24 h rhythm registrations were not available. We are currently trying to build a follow-up programme involving the local health organizations in the referral countries. The long-term effects of our management protocols remain to be seen, as is the case with the present trends towards early complete repair and high TAP rates of young TOF patients in well-developed countries.
Recent advances in non-invasive imaging, and in particular the availability of cardiovascular magnetic resonance (CMR), have improved the assessment of PR and RV functions in these patients. The use of CMR in young children is still limited. Unfortunately, paediatric MRI for cardiac assessment is available neither in our centre nor in the referring countries. However, others have reported good agreements between the duration of pulmonary regurgitant flow and CMR-derived pulmonary regurgitant fraction in adults [24] .
In summary, the early surgical outcome of PV preservation and PTFE monocusp reconstruction techniques for older children with TOF are encouraging. The PTFE monocusp also provides good intermediate-term results. We suggest a more liberal use for the PTFE monocusp technique whenever there is concern about the successful outcome of PV preservation or the need for an additional long subannular incision. We believe that patients from undeveloped countries, with limited access to future reintervention (for example transcatheter or surgical PVR), may benefit from this latter approach due to less-frequent severe PR, as seen already in the early and intermediate-term follow-up described here.
